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■ｉｒｌｉｆｔｂｕｂｂｌｅｃｏｌｕｍｎｗ出sexperiment色llyexaminedusinganair-watersystem･Gasholdupcanbewellcorrelated
withthedriftnuxcorrehhtion，irrespectiveofporousplategeometry，where&ｂｓｔｈａｔｆＯｒｔｈｅｐｏｒｏｕｓｐｌａｔｅｉｓａｌｉｔｔｌｅ
ｓｍｎｌｌｅｒｔＭｎｔＭｔｆＤｒｅｉｔｈｅｒ曲singleholeplnteornperfOratedplate，ＴｈｅSautermembubblediameternfYectingthe
gns-liqHlidinterfHucial仇ｒｅｎｉｓｓｍｎｌｌｅｒｔｈｎｎｔｈａｔｆｂｒａｐｅｒｆOratedpMe・TherefOre，acorrelationequationfDrthe
S臼utermeanbubblediameterisproposedfDUowingtheresultsｏｆＯｋｍｎａａＪ.（1996）andMiyaharae2aム（1999)．
Thespecificgas-liquidinterfaciaMreaisalsocorrelatedfDraporouｓｐｌａｔｅｏｎｔｈｅＭｓｉｓｏｆｔｈｅｒｅｓｕｌｔｂｙＭｉyaharaeraj．
(19Ｗ)，ｉｎｗｈｉｃｈｉｔｗａｓｈｂｒｇｅｒｔｈａｎｔｈａｔｆＤｒａperfDratedplate・Inaddition，itislDundthatthenquid-phase
volumetricmasstransfercoefTMentislargerthanthatfDraperfDratedplate，andthecorrelationismodifiedfDra
porousplatebnsedontheresultsoｆＯＭｌａｅｒａＬ(1996)ａｎｄＭｉｙａｈａｒａａａＬ(1999)．Further,amodifiedcorrelation
fDrthemnsstransfercoefficientfbr叩orousplnteisproposedbnsedontheresultsreportedbyMiyaharaｅｒａＬ(11Ｗ)．
Introduction
ThesimpIeconstruction，lowpowerrequirements
andlowshearcharacteristicsofairliftreactorshave
ledtotheirwidespreadanddiverseapplicationmthe
chemicalandbiotechnologicalindustries（Chisti，
1989;SiegelandRobinson,1992）
Previousinvestigatorsreportedtheperfbnnanceof
extemal-1oopairliftreactorsdependednotonIyon
operatingparameters(BeIloeraJ.，1984),butalsoon
geometncparameters（PopovicandRobinson，1987；
ＭｃＭａｎａｍｅｙａａＬ，1984)．However，ｏｎｌｙａｆｅｗ
ｓｔｕｄｉｅｓｏｎｔｈｅｅｆｆｅｃｔｏｆｐｌategeometlyonthe
characteristicsofanexternal-loopairliftbubble
columnhave6eenreported・
ＴｈｅａｉｍｏｆｔｈｉｓｐａｐｅｒｉｓｔｏｅｘａｍｉｎｅｔｈeefYbctof
plategeomet1y，especiallyporousplategeometry，on
thecharacteristicsofanextemal-Ioopairliftbubble
columnfbllowingthepreviousstudｙｏｎｔｈｅｅｆｆｅｃｔｏｆ
ａｓｉｎｇｌｅｈｏＩｅａｎｄａｐerfbratedplateonthe
characteristicsoffluidflowandmasstransfer
presentedbytheauthors(MiyaharaeM！.,1999)．
porouspIatewasplacedattheriserbottomasagas
spargeLInthissmdy，fivetypesofporouspIates
wereuseｄｔｏｓｔｕｄｙｔｈｅｅｆｆｅｃｔｏｆｐｏｒｏｕｓｐｌａｔｅ
geometryonthecharacteristicsoffMdflowand
masstransfer，Alloftheplatesexaminedweremade
ofbrass（5-mmthickness)．Plategeometrydetails
areshownmTablelTheliquidandgaswere
distilledwaterandair,respectively．
TablelGeometlyofporousplates
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2．ResultsandDiscussion
Z・lGasholdup
TheZuberandFindlay(1965)driftfluxmodelhas
beenfrequentlyusedtopredictthegasholdupm
airliftreactors・Inthismodel，itisassumedthatthe
dnftvelocity（definedasthedifferencebetweenthｅ
LExperimental
Adescriptionoftheexperimentalapparatusand
procedurehasalreadybeenpresentedmtheprevious
papers（OkadaeMﾉ.，l996iMiyaharaeML，1997,
1999）TheairliHcolumnwasconstructedfiPoma
transparentacryIicresinｔｕｂｅ（１，０１４ｍ)．Ａ
1８０ IbshiroMIYAHARA,TbshiyukiUMEDAandYasuharuAKAGI
veIocityofabubbleinthebubbIyHowandthe
averagevolulnetricf1uxdensityofthegas-liquid
mixture）isconstant，independentofthegasholdup，
andisequaltothetenninalrisevelｏｃｉｔｙｏｆａｓｍｇｌｅ
ｂｕｂｂｌｅｉｎａｎｉｎｆｍｉｔｅmedium Withthese
assumptions，thefiollowingequationfbrthegas
holdupintheｒｉｓｅｒｃａｎｂｅｏｂｔａｉｎｅｄｉｎｔｅｎｎｓｏｆｔｈｅ
superhcialgasvelocityandsuperficialliquidvelocity
intheriser．
1０００
1００［［亡一二に⑩
1０と=Ｃｌ(UcwL)+ＱＥＧ (1)
Accordmgtotheseresults，weobtainthecondation
showninFig・Lwhichisirrespectiveofporousplate
geomet1y,ｗｈｅｒｅＣｌｉｓＯ,９９ａｎｄＱｉｓＯ､540Ｔｈｅ
ｖａｌｕｅｏｆＱｉｓａｌｉｔｔｌｅｌａｒｇｅｒｔｈａｎｔｈａｔ（Ｑ=0.411）
obtainedbyOkadaeM/､（1996）andMiyaharae/α/、
(1999）fbrperfbratedplatesandsmglehoIｅｐｌａｔｅｓ
Ｔｈｉｓｉｓｐｒｏｂａｂｌｙｄｕｅｔｏｔｈｅｆactthatthebubblesare
smallercomparedwiththosefbrasmgleholeplate
andaperfbratedplateAsacomparison，the
correlationofgasholdupfbraperfbratedplateanda
singlehoIeplate(OkadaeM/､,1996iMiyaharaejaﾉ.，
1999)isshownasadashedlineinthesame印aph
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1.5 ＷｈｅｒｅＣｂｉｓ５３・ＯａｎｄＯＯ１≦ＢＧ≦0.1,
0.047≦ぴ≦0.0724Ｎ/ｍａｎｄＯＯＯ１≦似α≦0.047
Ｐａｓ・Equation（２）ｆＩｔｓｔｈｅｄａｔａｗｉｔｈｍａｎｅｌｒｏｒ
ｒａｎｇｅｏｆabout２５％，regardlessofporouspIate
geometry・Thegas-liquidmterfbLciaIareafbra
porousplateislargerthanthatfbraperfbratedpIate
(Ｑ=2437）（MiyaharaeM/､，1997),probablyowing
tothesmallerbubbles、Toconfirmthisfact，the
Sautermeanbubblediameterwasexannnedandthe
correlationisshowninFi９．３，wheretheSautermean
bubblediameterfbraporousplateissmaller
comparedwiththatfbraperfbratedplate（OkadaeZ
aL,1996;Miyaharaeraﾉ.,1999)．Thisphenomenon
maybeduetothesmallerholesizeofporousplate．
Fig.１Colrelationofgasholdupbasedonthedrift
fluxmodel
２．２Gas-liquidinterfacialarea
FigIlre2showstheconelationofthespeciflcgas‐
liquidinterfacialarea，α肺fbrporousplate・Tbe
valuea｣JsobtainedfiDmtheequationaR＝6ｅＧ/",、
ＩｎＦｉｇ２,aRfbraporousplateisobtainedusinglinear
regress10nas
αR＝ＧＥ:973o-q7``/l5qll2 (2)
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2.3Masstransfercharacteristics
Figure4showsthecorrelationofthegas-liquid
volumetricmasstransfercoefficientbasedonthe
resultsｏｆＯｋａｄａｅｌα/､（1996）andMiyaharaerα/、
(1999)．ＡｌｌｏｆｔｈｅｄａｔａａｒｅｗｅⅡcoIrelated，
regardlessofporousplategeometry，bythefbllowmg
equation
1０００
j'LljlFjiif1００［‐一ｍ・ＣＯの三のい｢c(叢|Ⅱ (3) 1０WhereQisLO5×10~，、QfbraperfbratedplateisL69×１０－３，whichisalsoshowninthesamegFapｈａｓ
ａｄａｓｈｅｄｌｉｎｅＡｌｔｈｏｕｇｈｗｅｄｏｎｏｔｓhowthemm
thispaper，kLaRvaluesfbrporousplatesbecome
largerthanthosefbrperfbratedplatesatthesame
superficialgasvelocity,whereastheSautermean
bubblediameterfbrporousplatesbecomessmaller
thanthatfbrperfbratedplates，ａｓｓｈｏｗｎｍＦｉｇ３，
probablyleadingtothedjfferencemqbetween
porousandperfbratedpIates．
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Fig5CorreIationofthemasstransfercOeffIcient
２．５８×10－'’三Ｍ≦７．５９≦１０－５． Equation（４）
roughlyexpressesaIIofthedata・Thedashedlinem
thesame印aphisfbraperfbratedplateusingdata
previousIyobtainedbyMiyaharａｅｔａﾉ．（1997)．
Fromtheflgure，ｉｔｉｓｆｂｕｎｄｔｈａｔｔｈｅｍａｓｓｈａｎｓｆｅｒ
CoefficientfbraporouspIateislargercomparedwith
thatfbraperfbratedplate、Thisisprobablydueto
themcreasempartiaIpressureofthetransfer
componentwithmabubblebecauseofthesmaller
bubblediameter．
1００
OkadaetaI.（1996)MiyaharaetaI.(1999）
Ｐｅ斤OratedplatekLaR=1.69x10~3(UG/dvS)１．１１
〆
1０１［の一二匹⑩ヨニ
Nomenclature
aR ＝specificgas-liquidinterfacial
areaperumtdispersionvolume,ｍ２/ｍ３
ＣＩ ＝constantmEq.（１）
Ｃｚ＝constantinEq.(1),ｍ/Ｓ
ｃ〕 ＝constantmEq.(3),kgq958m．'｣'2s､'７４
.ＤＬ ＝liquid-phasemoleculardiffnsivity,ｍ２/ｓ
屯＝meanholesizeofporousplate,ｍ
`ﾄﾞル＝particIediameterofporousPlate,ｍ
‘応 ＝Sautermeanbubblediameter,ｍ
Ｆ＝voidageofporousplate
g＝印avitationalacceleration,ｍ/s２
ｋＬ＝Iiquid-phasemasstransfer
Coefficient,ｍ/ｓ
ＡｚａＲ ＝liquid-phasevolumetric
masstransfercoefficient,１/ｓ
Ｍ＝Mortonnumber(=g仏4/(pLげ)）
他＝Reynoldsnumber(=α応Ｕ３ｐ小｡）
Sｃ＝Scmidtnumber(=似α/(βLDL)）
SＡ＝Sherwoodnumber(=んL`I心/､し）
Ｔ＝platethickness,ｍ
Ｕｂ＝SUperfiCiaIgaSVelOCity,ｍ/Ｓ
ＵＬ＝superficialliquidvelocity,ｍ/ｓ
Ｕ＝slipvelocity,ｍ/ｓ
1０２ 〆ﾆﾆｰｰｰ々差イシ１０－３，
1０２１０１
UG/dvsU/S］
１０ｏ
Fig.４CorrelationoftheIiquid-phasevolumetric
masstransfercoefficienｔ
Figure5showsthecolrelationoftheSherwood
numbercontammgthemasstransfercoefficient
obtamedfiomthevolumetricmasstransfiar
coeffIcientandspeciflcgas-liquidmterfacialareaasa
filnctionoftheScmidtnumber,theReynoldsnumber
andtheMortonnumber,andthefbllowmgequationis
obtained
ｓｈＭ=Zxl0-3(此Mojs)］
Where，１００ﾆﾙﾆ４０００ａｎｄ
(4)
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